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Abstract We present the first description of the acoustic 
characters of the endangered Tengchong leaf litter toad 
(Leptobrachella tengchongensis), aiming to inform future 
ecological studies of the species and taxonomic studies in 
the genus Leptobrachella. A total of 1179 calls, belonging to 
6 adults male individuals, were recorded using TASCAM 
DR-40 digital sound recorder from its type locality in May 
2015 and then analyzed using Raven Pro v.1.6.1 software. 
The advertisement call of male L. tengchongensis consists of 
primary advertisement call and secondary advertisement 
call. The primary advertisement call is invariably composed 
of two notes and has a call duration of 61 + 5 ms (23-87 
ms, n = 1142). The secondary advertisement call is composed 
of 3-10 notes (mean 5.25 + 1.41 notes/call, n = 37) with a 
call duration of 90 + 6 ms (37-127 ms, n = 37). The mean 
inter-call interval is 212 + 121 ms (88-1121 ms, n = 1092). An 
introductory note is absent in advertisement calls and the 
dominant of calls is 4.1-4.8 kHz (at 20 °C). We discuss the 
interspecific and intraspecific variations on advertisement 
calls in L. tengchongensis and among Leptobrachella species, 
and provide a summary on the major acoustic characters 
of all Leptobrachella species occurring north of the Isthmus 
of Kra. 
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1. Introduction 


Vocalizations is the main communication mechanism in 
anuran amphibians, at both interspecific and intraspecific levels 
(Kohler et al, 2017). Almost all anurans depend on acoustics 
signals to locate each other during breeding season (Wells 
and Schwartz, 2007). Advertisement calls are the main type 
of vocalization in anurans (Kohler et al., 2017). Advertisement 
calls are species specific and, therefore, considered a prezygotic 
mechanism of reproductive isolation (Littlejohn, 1998). They 
also provide informative characters for identifying and 
delimiting species and, as such, are widely used in taxonomic 
research (Goicoechea et al., 2010). 

The Asian leaf litter toads of the genus Leptobrachella Dubois, 
1983 is widely distributed from southern China to northeastern 
India and Myanmar, through Indochina mainland to 
peninsular Malaysia and the island of Borneo (Frost, 2020). 
Frogs in the genus inhabit the forest floor and rocky streams 
in hilly evergreen forest (Fei et al, 2012). Due to their small size 
and cryptic coloration, Leptobrachella are often difficult to detect 
and identify in the field; advertisement calls produced by adult 
males during the breeding seasons are a major clue to trace 
these elusive anurans (Matsui et al., 2009). Moreover, acoustic 
data can assist in rapidly surveying anurans, and further 
offer a new insight into species diversity, species boundaries 
and evolutionary relationships within this morphologically 
conserved group (Rowley et al., 2011; Rowley et al., 2016). 
Acoustic data has become increasingly important in the 
taxonomic study of the genus Leptobrachella in recent years (see 
Rowley et al, 2016; Yang et al, 2018 as examples), and the use of 
an integrative approach incorporating acoustic, morphological, 
and molecular data has resulted in the continued discovery of 


new anuran species in the region (Yang et al, 2018; Wang et al, 
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2019; Li et al., 2020). 

The Tengchong leaf litter toad (Leptobrachella tengchongensis) 
is a recently described species discovered on Mount 
Gaoligongshan in Yunnan Province in China (Yang et al., 
2016). The species is currently categorized as Endangered by the 
IUCN Red List of Threatened Species due to its restricted and 
small distribution range as well as ongoing habitat degradation 
(IUCN SSC Amphibian Specialist Group, 2020). However, the 
male advertisement call of this endangered species remains 
undocumented. Herein, we describe the acoustic characteristics 
and calling behavior of L. tengchongensis based on recordings of 
male advertisement calls from the type locality of the species. 
We aim to provide informative characters for future ecological 
studies of the species and for taxonomic research in the genus 
Leptobrachella. 


2. Material and Methods 


2.1. Study site The advertisement calls of male Leptobrachella 
tengchongensis were recorded at the type locality of the species, 
at the Linjiapu substation of the Tengchong Section of 
Gaoligongshan National Nature Reserve, Tengchong County, 
Yunnan Province, China (25°17'51.26" N, 98°42'03.93" E, 2100 m 
above sea level). See Yang et al. (2016) for detailed information 
and photos regarding the macro- and micro-habitats of the 
locality. The call recordings were made between 21:00 to 23:40 
h on 16 May 2015 by J. Yang, and the ambient air temperature 
was approximately 20 °C. The ambient air temperature of the 
calling site was taken with a digital thermometer (Peakmeter 
MS6508). 


2.2. Call recording Advertisement calls were recorded using 
a TASCAM DR-40 digital sound recorder held within ca. 
30-50 cm of the calling individuals. All recordings consist of a 
minimum duration of 30 seconds call. The sound files in wave 
format were resampled at 48 kHz with sampling depth 24 bits. 


2.3. Acoustic analyses The sonograms and waveforms were 
generated by Raven Pro 1.6.1 software (The Cornell Lab of 
Ornithology, available from http://www.birds.cornell.edu/ 
raven) with Fast Fourier samples 512 points and overlap 50%, 
from which all parameters and characters were measured as 
following Rowley et al. (2012, 2016) and Yang et al. (2018): call 
duration (ms), call repetition rate (calls/s), Inter-call interval (ms), 
number of notes per call and dominant frequency (kHz). The 
recordings of the advertisement call of the male holotype was 
deposited at Amphibiaweb and is available at the url https:// 
amphibiaweb.org/sounds/Leptobrachella_tengchongensis56. 
mp3. 


2.4. Data comparison Comparative advertisement call 
characters for Leptobrachella species occurring north of the 
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Isthmus of Kra were taken from references (Jiang et al, 2002; 
Xu et al, 2005; Matsui, 2006; Rowley and Cao, 2009; Rowley et 
al, 2010a, 2010b, 2010c, 2011, 2012, 2013, 2015a, 2015b, 2016, 2017a, 
2017b; Poyarkov et al, 2015; Nguyen et al., 2018; Yang et al., 2018; 
Chen et al., 2019; Ding et al, 2019; Wang et a, 2019; Li et al., 2020). 
The minimum and maximum values are given as min-max, all 
numeric parameters are given as mean + SE. 


3. Results 


3.1. Calling behavior During the survey, males of Leptobrachella 
tengchongensis were mostly found calling on the forest floor 
with dense understory, close to the main stream and near a 
seepage. The majority of calling males were found perched on or 
hidden under leaf litter. Some were found calling under rocks 
by the side of the main stream. 

Sympatric amphibians recorded in the locality during the 
survey in May 2015 included the Spiny stream toad (Bufo 
tuberospinius), Glandular horned toad (Megophrys glandulosa), 
Yunnan spiny frog (Nanorana yunnanensis), Anderson’s frog 
(Odorrana andersonii), Chaochiao brown frog (Rana chaochiaoensis), 
Green-spotted torrent frog (Amolops viridimaculatus), Burmese 
treefrog (Rhacophorus burmanus), and an unidentified small-sized 
Megophrys. Among them, advertisement calls of M. glandulosa, 
R. burmanus and the unknown Megophrys sp. were also heard 
during the survey. 


3.2. Acoustic characteristics analyses Recordings of six 
calling males of L. tengchongensis were obtained during the 
survey. A total of 271 seconds of recordings contained 1179 clear 
advertisement calls and were used for acoustic analyses. Within 
the recordings sampled, all individuals emitted a continuous call 
series with durations of minimum 15 seconds to maximum 120 
seconds. 

We recognized two different types of advertisement 
calls among the recordings sampled (Table 1 and Figure 1), 
namely the primary advertisement call (PAC) and secondary 
advertisement call (SAC), following Rowley et al. (2013; 2017a, b). 
While PACs were the dominant call of a continuous call series, 
SACs were rarely and irregularly emitted within a call series 
and sometimes absent. PACs invariably contained two notes 
per call and were repeated rapidly with a regular call duration 
and inter-call interval (Figures 1A and B). SACs consisted of 
3-10 notes per call with an irregular call duration (Figures 1A 
and C), but shared the same dominant frequency with PACs 
in a call series. The call duration was longer in SACs (Table 1 
and Figure 1). To the human ear, the PAC is a very rapid, high- 
pitched ticking, similar to calling songs of orthopteran species, 
while the SAC sounds like an irregular, prolonged PAC. 

The PACs of six individuals were uniform in call structure, 
which invariably consisted of two pulsed notes with amplitude 
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Individual A ` Individual B ` Individual C ` IndividualD Individual E Individual E All Individuals 
Voucher specimen No. None None None None None ere N/A 
Primary Number of calls measured 203 75 26 125 685 28 1142 
advertisement 
call (PAC) Duration m3 67+6 60+11 63 +15 58 £5 54+4 653 6l+5 
(54-87) (23-79) (29-77) (49-77) (43-79) (56-70) (23-87) 
Notes/Call p 2 2 2 2 2 2 
Dominant Preguenéy KHA 452 + 0.04 4.73 + 0.08 453 + 0.12 4.63 + 0.06 4.39 + 0.12 4.48 + 0.06 455 + 0.12 
quency (4.48-4.57) (4.48-4.82) (431-482) (457-474) (431-474) (422-467) (422-482) 
Number of calls measured 4 Not recorded 33 Not recorded Not recorded Not recorded B7 
Secondary 
86+3 94 +24 9046 
advertisement Duration (ms) N/A N/A N/A N/A 
call (SAC) (82-89) (37-127) (37-127) 
425 + 0.05 6.24 + 2.28 5254141 
Notes/ Call (4-5) N/A (3-10) N/A N/A N/A G10) 
` 452 + 0.05 448 + 0.12 45 + 0.03 
Dominant Frequency (kHz) (448-457) N/A (412-474) N/A N/A N/A (412-474) 
175 +49 199 + 13 452 + 145 157 + 69 117 +69 170 +54 212 + 121 
Inter-call interval (ms) (95-361, (180-219, (273-1023, (104-606, (88-1121, (102-260, (88-1121, 
n= 206) n= 13) n= AU n= DU n= 684) n=27) n= 1092) 
3.26 + 0.09 1.63 + 0.43 4.28 + 1.76 
Call repetition rate (calls/s) beet (319-333, (132-193, oo Se Se i (132-649, 
7 n=2) n=2) R 8 7 n=8) 
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Figure 1 Advertisement call of male Leptobrachella tengchongensis. A: waveform (MU) and spectrogram (kHz) showing a six-call portion of five PACs and 
a SAC (the 5th call) in a continue call series. B: waveform (MU) and spectrogram (kHz) showing a 2-notes PAC. C: waveform (MU) and spectrogram (kHz) 


showing a 10-notes SAC. 
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peaking at the start of each note. The call durations of PACs 
were similar among individuals, with the average duration 
ranging between 54-67 ms (Table 1). 

SACs were only recorded in two individuals (individual A 
and C, see Table 1). Unlike the PACs, the call durations and 
notes/call of SACs showed great variations (see Table 1). The 37 
SACs measured were in highly variable in both call structure 
and call duration (90 + 6 ms, 37-127 ms, see Table 1). 

The advertisement calls of L. tengchongensis were typically 
emitted in continuous call series. The average inter-call interval 
of continuous call series sampled was 212 + 121 ms (88-1121 ms, 
n = 1092). Within call series, advertisement calls were repeated 
at a rate of approximately 4.28 + 1.76 calls per second (132-649 
calls/s, n = 8). 

The dominant frequency of advertisement calls presented a 
certain degree of variation both within and among individuals 
(see Table 1). The dominant frequency ranged from 4.12 to 4.82 
kHz in individual C, and the mean dominant frequency ranged 
between 4.39-4.73 kHz among six individuals. We found two 
individuals (individual A and B) calling simultaneously nearby 
(ca. 3 meters apart) during the survey. While call durations 
and inter-call intervals of these two individuals were relatively 
similar, the mean dominant frequency was slightly different, 
4.52 kHz and 4.73 kHz in individual A and individual B 
respectively. 


4, Discussion 


The advertisement calls of the three other Leptobrachella species 
from northern Vietnam and northern Laos, namely L. bots fordi, 
L. petrops and L. puhoatensis, were also reported containing both 
PACs and SACs (Rowley et al, 2013; Rowley et al., 2017a, b). 
Furthermore, based on our field observations, most species of 
Leptrobrachella from China (ie, L. laui, L. liui, L. mangshanensis, L. 
oshanensis, and L. ventripunctatus) can also emit SACs as part of 
long call series of PACs (J. Yang and H. Y. Yeung, unpublished 
data). Thus, we assume that the SAC may actually commonly 
occur in advertisement calls of Leptobrachella species from China 
and northern Indochina (=lineage A of the genus in Chen et 
al, 2018), and the lack of descriptions of SACs in some previous 
studies in the region may be due to the insufficient sample size 
of recordings and/or the fact they have been overlooked by 
other author(s). In general, SACs are similar to the dominant 
PACs in note structure, but have more notes per call and 
longer call durations, which sounds to the human ear like 
prolonged PACs (Rowley et al, 2013; Rowley et al, 2017a, b; this 
study). However, SACs are rarely and irregularly emitted in 
a continuous call series. Taking this study as an example, only 
recordings of two out of six individuals of L. tengchongensis 


sampled in the wild contained SACs. Therefore, more calling 
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individuals sampled and longer recordings are desirable in 
order to determine whether SACs are present in the male 
advertisement call of a species. 

For most species of the Leptobrachella applebyi species group 
(= lineage B of the genus in Chen et al., 2018) from the central 
highlands of southern Indochina, the advertisement call 
typically contains a distinct introductory note, which is a longer 
note occurring at the beginning of each call (Rowley et al, 2010b, 
2016). However, this introductory note was not observed in L. 
tengchongensis in this study, and has never been documented for 
other Leptobrachella species from China, northern Indochina and 
south of Isthmus of Kra (see Matsui, 1997; Matsui, 2006; Matsui 
et al, 2009; Rowley et al, 2013; Yang et al., 2018 as examples). 
Therefore, we assume that the introductory note may only 
occur in advertisement calls of L. applebyi species group, and 
may be considered as a unique acoustic character of this species 
group, although not present in all species in the group. 

Our results indicate that while the SACs of L. tengchongensis 
had great intraspecific variations in both call structure (no. of 
notes per call) and call duration, PACs had a stable call structure 
and had very small intraspecific variations in call duration 
among all individuals (Table 1), which can be considered as a 
key diagnostic character of the species. However, PACs do show 
a certain degree of intraspecific variations in call structure in 
some Leptobrachella species (Table 2). 

The dominant frequency of advertisement calls is commonly 
used as an important diagnostic acoustic character in the 
species comparison of the genus Leptobrachella (see Rowley 
et al, 2013; Rowley et al., 2017a, b; Yang et al, 2018; Chen et a, 
2019 as examples). It is worth noting that, in this study, we 
observed a certain degree of intraspecific variation on the 
dominant frequency in L. tengchongensis, ranging in between 
4.1-4.8 kHz. Such variation had also been documented in some 
congeneric species, for examples L. aerea (6.2-7.9 kHz, Rowley 
et al 2010b) and L. firthi (5.4-6.6 kHz, Rowley et al., 2012). 
Similar great intraspecific variation in inter-call interval and 
call repetition rate were also found in L. tengchongensis and 
in other Leptobrachella species (see Tables 1 and 2). As a result, 
we recommend that researchers pay more attention to the 
intraspecific variation in these parameters when using acoustic 
data in taxonomic work, and try to obtain advertisement call 
recordings that are longer in duration, from more individuals, 
and from a greater number of locations. 

According to Yang et al. (2019), three Leptobrachella species 
occur on Mount Gaoligongshan, namely L. tengchongensis, L. 
ventripunctata and an unknown Leptobrachella sp.. Acoustic 
characteristics and breeding behaviors appear to different 
among the species. The peak frequency is 4.2-4.8 kHz in L. 
tengchongensis (20 °C), 6.1-6.6 kHz in L. ventripunctata (15 °C), and 
41-43 kHz in Leptobrachella sp. (3 °C); the PACs are composed 


Ho Yuen YEUNG et al. 


Acoustic Data of 


Leptobrachella tengchongensis 


225 


| No. 2 


[QE LAL IIOM LJep 2S0} YTM 10} satdeds autos 
10} (OVS) [feo Pursy IəApe ATepuodes pur Cl [feo Juowosysoape Arend Aen ‘seo yrURSYIAPpE Jo ƏdÁ} "aa OM} ut Áfozeredəs aa atom Áouənbəzy yu europ pue uonemp JJe? ‘Jed /s90N Siet 


Deg I 


8107 “P 12 Suey 6l DEI unf ‘ew 6S-LS quasq e se 7 YLI-II pomoumopzou  sisuəSuvy Sut 
EE SL ovet-osg um io My ` omg quasqe Gi I 607I 795-48 E əsəd  vppunduyuəa 
POLO? “17 19 ÁMON SHE-STZT  10VI-9£8 pí 87-97 yuasqe oz € 008£1-0081 gute I pauoumop Jou snso.aqny 
Apps sq, oz oorz-o007 <en “dy n SECH yuasqe el 9 IZII-88 ee o A yuasard — sisuasuoyosua 
9107 “7 12 MOA Cer  TE6I-OTL mf IS quasad umouyun r umouyun €SE-Sh7 Jr ` pajuauinoop jou sisuaSunpo} 
etc pm SE Deet Ay S9-SS yuasqe og I 687-31 69-49 I payweumsop you  ssuassuvys 
gt ‘ya ueANSN SIZ-SOZT  sP9-O8E ` pd 3ny SETE yuasqe Or r 9ZS-89 LIS-9LZ 9- pauoumop jou avKajmoa 
SIOZ ‘P D Aoyrekog SZ 0011-008 idy Zelt yuasord A if O€9S-09ZE L6T-807 9-5 pauəumop Jou Sdou td 
vi "pp Zug Cet-zgt 0061-0091 mi gr yuasqe Col s 8417-806 TZ6I-E'06 z pauoumoopjou  vajuaavandand 
8107 “P 12 Buey SI DC idy St-Ek quasqe oz I LSSI-O¢h LII-98 I payuaumop Jou vandand 
EI “P 12 Áojmoy SE Zorte unf Dee yuasqe oor s SCT Ee oh yuasoid sisuaypoynd 

i E KS A LE-961 1 
qL107 ‘pi Zeta eren tre ew me Bok, EEN RT EE GEN KE quasoud sud 
oc “P 12 ÁMON YIZHI ` Iot-rtrai Inf f LUYT (Hogs) jaserd  umowyun € umouyun 6TL-L79 L-y  pauəumop jou snpyjod 
200 “P 12 Sue ‘ZIOZ “P 12 A Di O08I-0ZZ ARIA gtt yuasqe umouyun T umowyun 19-67 € payueumnsop Jou sisuaubyso 
qOl0z ‘p 12 amoy To-To 0S8-009 po mf Or-97 yuasoid 08 z IZ8E-FIZ P8bh-891 Ur  pauəumop jou nau 
9102 “P 12 omo THZ-EEZ 9911-006 dag Dr puysıpur umouyun Z umouyun 406-688 8e-L pauoumop jou vsojnvut 
TIOZ “1? 2 We 607P Su TOZ-LHI  OOHI-OEL idy SS-8'r uəsqe Dis s umĪmomun 82-97 wz poyuəumoop jou my 
9107 ‘P 12 Amoy ` rar 164-007 Sny 8z Iso umouun I umouyun 107 et  paməumop jou sisuauo]Dy 
pc: ‘p p amoy YZ-F7ZZ ool-os9 VO Sny unt Co-ge uəsqe Or r 090I-8rZ PE-8Z € pauoumoop jou sos 
9007 Mew ` oet-Cei ` uo 2q PTET yuəsqe Duo won umowjun 08-15 6-9  pamumop jou snsousynf 
CC “P19 amoy TI-E  ozLi-098 ` dv sew 99-75 uəsqe 09 9 S8TZ-LZE IS-81 s-z pauoumoop jou uf 
LOZ “17 12 AMOY TST-OTZ OOET mí O€-97 quasqe LS 9 OOIrI-00r EH gt ` payueumnsop jou sna9049 
OZOZ “P 2 TT oZ FOE Zei ¢9-19 uəsqe TE I 86-8 ESE-SL rl pauoumoop jou sisuainysty9 
EIOZ “P 12 Aa[MOY, Di CIE əunf ee a yuasqe SI if 8201-904 GE GE a quasaid tp4ofsjoq 
6107 "pp äunw YSI OSZI-OZ91 mf [S-8'r uəsqe ooz r TSbZ-6I01 ro gäe z pauoumoop jou alq 
M107 “P 12 ÁMON TOZ “P 19 moy rel  OeLI-ozA ` ml ‘AR EZ-6T yuasqe 87 € umouyun O0r-80€ 8-5 pauəumvop Jou sisuadnopiq 
9102 “P12 AJMO FEI ` OSI-IFOL Sny PETE ` (Sle Te jou) posod umouyun £ umouyun AER ol- ` Datsmmoop jou suap.v 
9107 “IP 12 ÁJMOY ‘6007 ‘ORD pur AMON ` erg OOST-00ZI Inf Tew Cr-eg quasoad umowyun € umowyun POr-€1Z 9-€ payueumnsop Jou ugaddo 
S007 “P 2 NY ‘ZIOZ “PP 12 A EI 00rZ-OSII ARIAL £9 yuasqe I I umomyun ozz 6 pauoumoop jou vuidyp 
qOlog “P 2 AMOY L'S IS-87 AON “nf 6L-T9 yuasqe (al 9 785- Ott 9I-Z  pamumop jou vadav 

S Ww Aouanba. Jou ozAjeue pozAyeue sw) peaagu ` (SU) UO ea 

201n0g w ee uoseəs Zum? EE 3 K1opnponu] Ge = ON Se ¢ See t OS P TRO/SAI0N Te? ATeputiosag səpədg 


Site poyWOUMIOp YM ETY JO Sputt IY} JO YHOU BUNIO Vjjaysv.1G0)daT Jo saidads 201 ssajourered feo JUIWSIApe ILU Jo Äreumune 7 ALL 


Asian 
Herpetological 
Research 


226 


of 2 notes in L. tengchongensis, 4-6 notes in L. ventripunctata 
and 3-11 notes in Leptobrachella sp. (J. Yang and H. Y. Yeung, 
unpublished data). Furthermore, while L. tengchongensis breeds 
in April and May and inhabits in 2000-2100 m elevations, 
calling males of L. ventripunctata can be heard from April to 
June and only recorded at relatively lower elevation at 1,350 m 
on Mount Gaoligongshan; while Leptobrachella sp. only breeds 
in March when night time air temperature was ca. 3 °C and 
inhabits in 1 950-2 100 m elevations (Yang et al. 2019; J. Yang 
and H.Y. Yeung, unpublished data). 

A summary of the major acoustic characters of the 
advertisement calls of Leptobrachella species occurring north 
of the Isthmus of Kra for which comparable acoustic data 
are available is presented in the Table 2, in order to provide 
a quick key for future taxonomic research on the genus. 
Compared with its congeners, the major acoustic characters 
of L. tengchongensis include the presence of two types of the 
advertisement calls, primary advertisement call and secondary 
advertisement call; the primary advertisement call is invariably 
composed of two notes and has a call duration of 61 + 5 ms (23- 
87 ms, n = 1142); the secondary advertisement call is composed 
of 3-10 notes (mean 5.25 + 1.41 notes/call, n = 37) with a call 
duration of 90 + 6 ms (37-127 ms, n = 37); the mean inter-call 
interval is 212 + 121 ms (88-1121 ms, n = 1092); and the dominant 
frequency of the calls is 4.1-4.8 kHz (at 20 °C). 

Anurans can emit different call types that contains different 
social functions (Camurugi et al, 2015; Köhler et al, 2017). We 
speculate that the two different types of advertisement call in 
L. tengchongensis should also have distinct different signals. The 
dominant PACs with stable and regular call characters should 
serve to attract females and convey territorial information 
to competitors, which are commonly observed in anuran 
amphibians as breeding calls (Wells and Schwartz, 2007; 
Morais et al, 2012). However, the social function of the SACs is 
unclear and needs to be clarified in further studies. 

Currently, advertisement calls for only nine out of the 
twenty-six Leptobrachella species occurring in China have been 
described. Moreover, most previous descriptions of Leptobrachella 
species in the region were based on only a few dozen 
advertisement calls (see Table 2), and mostly belonging to only a 
single individual, which cannot provide a better understanding 
on the intraspecific variation. Herein, we encourage field 
herpetologists should record and analysis the undocumented 
acoustic characteristics of anuran amphibians, and try to obtain 


more recording samples from more individuals if possible. 
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